Two field trials were conducted during 2012/2013 and 2013/2014 seasons at El-Manyal Village, Talkha District, Dakahlia Governorate, to study the effect of plant distribution sowing patterns and nitrogen fertilizer levels on yield and quality of sugar beet, "cv. Kawemira". The obtained results indicate that: 1-Sowing distribution patterns had significant effects on all studied characters over the two seasons, except for root diameter in the second season The studied sowing patterns (28, 24 and 20 or 35, 30 and 25 cm between hills in the two sides of terrace (mastaba) led to significant differences on the most of the studied characteristics in both seasons. Sowing beet seeds in both sides of terrace 80 cm width at 25 cm distance between hills led to significant increase in yields of roots, gross sugar and white sugar (t/fad) as well as the percentage of the extractable white sugar. 2-Increasing nitrogen fertilizer levels from 80 to 100 and 120 kg N/fad, significantly increased root fresh weight (g), root diameter, sugar loss percentage, the yields of root, gross sugar, white sugar and lost sugar/fad in both seasons besides root length (cm) in the second season. On the other side, it significantly decreased root gross sugar and extractable white sugar percentages in both seasons. Generally, it could be concluded that sowing sugar beet seeds at 25 cm apart between hills on the two sides of terrace (mastaba) 80 cm width and adding 120 kg N/fad is recommended to maximize its productivity and quality under the environmental conditions of Dakahlia Governorate.
INTRODUCTION
Several investigations were conducted to investigate the roles of plant populations and nitrogen fertilizer levels for giving the highest yields of roots and sugar (t/fad) besides the highest quality of sugar beet juice, but there is no enough investigative work around plant distribution that help in having more of yield and quality.
Plant distributions are considered one of the important tools to maximize root yield and quality. In this regard, El-Khattib (1991) stated that plant distribution had significant effects on root fresh weight, root diameter (cm), root sugar percentage as well as root and sugar yields/fad in both seasons. El-Bakary (2006) studied the effect of ridge width and distance between hills on sugar beet plants harvested at 210 days after sowing. He found that row width and hill spacing significantly effected on root fresh weight (g), root length and diameter, TSS %, sucrose %, root and sugar yields/fad in the two seasons.
Concerning nitrogen fertilizer effects, no doubt that nitrogen is the most important fertilizer element for sugar beet. Optimum level of nitrogen varies according to time of planting, soil conditions (fertility, type, textureetc.) and preceding crop. So, there are wide variations among the results of these studies conducted in that field. There for, it is difficult to have a fixed management to be conducted for some years or in some regions. The following are some review conducted on the effect of nitrogen levels on sugar beet yield and quality. Seadh (2008) found that application of the highest level of nitrogen fertilizer (150 kg N/fad) produced the highest values of root and top yields and its components in both seasons. While, fertilizing beet plants with 125 kg N/fad, came in the second rank with respect to these characters and resulted in the highest values of sugar yield in both seasons. Optimum means of sucrose and purity percentages were obtained with using 75 kg N/fad in both seasons. Abdel-Motagally and Attia (2009) studied the effects of different nitrogen levels (143, 214 and 285 kg/ha) on yield, quality and nutrient contents of sugar beet grown on sandy calcareous soil. They observed that increasing nitrogen levels significantly increased root and foliage fresh and dry weights and sugar yield (t/ha) of sugar beet. Increasing nitrogen level up to 285 kg/ha significantly increased impurities (Na, K & alpha -amino-N) and sugar loss percentage. El-Hosary et al. (2010) and Sarhan et al. (2012) found that increasing nitrogen fertilizer levels caused significant differences in yield, yield components and quality of sugar beet. Gobarah et al. (2010) reported that increasing N levels from 60 to 150 kg/fad were associated with significant increases in root yield, yield components, Na, K and alpha-amino nitrogen contents. Khalil (2010) found that increasing nitrogen levels from 80 to 100 and 120 kg/fad significantly increased root length, root diameter, root fresh weight/plant, root yield and the percentages of Na, K and alpha-amino nitrogen and sugar loss to molasses. Abo-Shady et al. (2011) found that increasing nitrogen fertilizer levels from 75 to 90 and 105 kg N/fad caused significant increase in root, sugar and top yields as well as Na, K and alpha-amino nitrogen in root contents and sugar loss in molasses in both seasons. On the contrary, they added that sucrose, purity, extractable sugar percentages and alkaline coefficient recorded low averages in both seasons. Osman (2011) indicated that increasing N levels up to 120 kg/fad gave high averages of root length, root diameter, root fresh weight/plant and root and sugar yields/fad While, gradual reduction in sucrose and purity percentages had been detected with increasing nitrogen level over 80 kg/fad. Seadh (2012) stated that growth characters, yields and its components significantly increased as nitrogen fertilizer level increased from 50 to 75 and 100 % of the recommended rate (80 kg N/fad). Abdou (2013) studied the effect of nitrogen fertilizer levels under the newly reclaimed sandy soil conditions. He found that increasing nitrogen levels from 100 to 120 and 140 kg/fad significantly increased root fresh weight, root length and diameter as well as root and sugar yields/fad, in both seasons. On the other hand, it significantly decreased TSS, sucrose and purity percentages in both seasons. El-Sarag and Moselhy (2013) found that increasing N levels from 105 to 210 kg/ha, caused significant increase in root, top and sugar yields/ha. Omar and Mohamed (2013) found that nitrogen fertilizer levels had significant effects on all traits in the two seasons and their combined analysis. Increasing nitrogen fertilizer levels from 50 up to 125 kg N/fad caused significant increases in root dimensions (length and diameter), top fresh weight/plant, root fresh weight/plant, Na%, K%, sugar loss % in molasses (SLM %) and root yield/fad Top and recoverable sugar yields were responded only to 100 kg N/fad. The highest averages of sugar %, purity % and extractable sugar % were produced with using low nitrogen levels (either 50 or 75 kg N/fad). Abdou and Badawy, Shimaa (2014) stated that increasing nitrogen fertilizer levels from 70 to 90, 110 and 130 kg N/fad significantly increased root fresh weight, root length and diameter, TSS %, root and sugar yields/fad in both seasons. On the other side, the same treatment significantly decreased both of sucrose and purity percentages in both seasons.
So, this study was conducted to find out the relative effect of distribution sowing pattern and nitrogen fertilizer levels on root yield, its attributes and quality of sugar beet
MATERIALS AND METHODS
The present investigation was conducted at El-Manyal Village, Talkha District, Dakahlia Governorate during the two successive winter seasons of 2012/2013 and 2013/2014, to investigate the effect of six sowing distribution patterns (planting on 25, 30 and 35 cm between hills on the two sides of terrace (mastaba) 80 cm width and planting on 20, 24 and 28 cm between hills on the two sides of terrace (mastaba)100 cm width. (Each three distances between hills on the two sides of the two mastabas (80 and 100 cm width give 42000, 35000 and 30000 plant/fad, respectively) and three nitrogen fertilizer levels (80, 100 and 120 kg N/fad) on productivity and quality of sugar beet " cv. Kawemira".
Split-plots in a randomized complete block design with four replicates were used in both seasons. The main plots were occupied with six pant distribution patterns. While, the sub-plots were devoted to the three nitrogen fertilizer levels (80, 100 and 120 kg N/fad) N-fertilizer was applied in the form of urea (46.5 % N), which was added in two equal doses, the 1 st one was after thinning and the 2 nd dose was at 20-days later. Plot area was 20 m 2 , which included 5-terraces 80 cm width and 5 m long or 4-terrace 100 cm width and 5 m. long The preceding crop was maize in both seasons. Soil samples were taken at random from the experimental sites at a depth of 0.0-30 cm from soil surface. Mechanical (physical) and chemical properties of the experimental soil are presented in Table 1 .
Both of calcium superphosphate (15.5 % P 2 O 5 ) at the rate of 31 kg P 2 O 5 /fad and potassium sulphate (48.0 % K 2 O) at the rate of 24 kg K 2 O/fad were added before the last ploughing Sowing of dry sugar beet balls took place in the dry soil during the first week of September in both seasons. The experimental field area was immediately irrigated after sowing Plants were thinned to one plant/hill at the age of 30 days. Plants were kept free from weeds by hand hoeing for three times. All normal agricultural practices were done according to the recommendations of Sugar Crops Research Institute (SCRI). 
STUDIED CHARACTERS: A-Root yield attributes:
At harvest time (210 days after sowing), ten plants were randomly chosen from each plot to determine the studied characteristics as follows: 1. Root fresh weight (g/plant). 2. Root length (cm).
Root diameter (cm). B-Root yield (t/fad):
At harvest, all plants of the four inner rows of each plot were harvested. Roots were carefully topped, cleaned and weighed to estimate root yield (t./fad).
C-Quality parameters and sugar yield:
All percentages as gross sugar, potassium (K), sodium (Na) and αamino nitrogen were determined in Dakahlia Sugar Company Laboratories at Bilkas District, Dakahlia Governorate. All studied quality parameters were calculated as follows: 1. Extractable white sugar %. Correct sugar content (white sugar) of beet roots was calculated by linking the beet non-sugar, K, Na and α-amino nitrogen (expressed as a milliequvalent/100 g of beet) according to Harvey and Dutton (1993) Lost sugar yield (t/fad) = root yield (t/fad) × sugar loss %. 5. Gross sugar yield (t/fad). It was calculated by multiplying root yield (t/fad) × gross sugar %.
Statistical analysis:
Data obtained were statistically analyzed according to the procedures outlined by Gomez and Gomez (1984) using means of "MSTAT-C" computer software package. Least Significant Difference (LSD) method was used to compare the differences between treatment means at 5% level of probability as mentioned by Waller and Duncan (1969) .
RESULTS AND DISCUSSION

1-Root freshweight and dimensions:
Results presented in Table 2 show the influence of plant distribution patterns and nitrogen fertilizer levels on sugar beet root characteristics in terms of root dimensions and root fresh weight.
Concerning the influence of plant distribution patterns on root dimensions and root fresh weight, results in Table 2 clear that plant distributions significantly effected on sugar beet root fresh weight and root length in both seasons and root diameter in the first season. Planting on the two sides of terrace (mastaba) 80 cm width surpassed planting on the two sides of terrace (mastaba) 100 cm width in the most of characteristic values in both seasons, where planting beet plants at 35 cm distance between hills in the two sides of terrace (mastaba) 80 cm width recorded the highest values of these characteristics, except root length in the second season These obtained results may be due to the facts that hill dimensions; A) Allow to high amounts of light to pass to individual plants which reflect on photosynthesis process consequently root fresh weight and -B) It increase the soil volume which plants feed (It decrease the competitions among beet roots). Similar results were stated by El-Khattib (1991) and El-Bakary (2006) .
Results given in Table 2 show that the above mentioned characteristics significantly responded to the increase in the applied dose of nitrogen fertilizer. This increase was gradually in both growing seasons. It is obviously show that the increase in root fresh weight/plant was accompanied with the increase in root dimensions i.e., (length and diameter). These findings may be indicate to the fruitful effect of nitrogen element on growth of sugar beet root as a result to its effective role on cell division and elongation which consequently reflected on root fresh weight. Also , it could be noted that the difference between 80 and 100 or 100 and 120 kg N/fad was insignificant in its effect on root traits, however the significant difference was between 80 and 120 kg N/fad. This may be indicate to the higher requirement of the experimental soil to high application of nitrogen , this observation could explained through the available data in soil analysis (Table 1) where the available nitrogen in such soil was at the low margin of fertility These results are in agreement with those stated by Seadh (2008) , Sarhan et al. (2012) , Seadh (2012) , Abdou (2013) and Abdou and Badawy, Shimaa (2014) .
Regarding the interaction between sowing distribution patterns and nitrogen fertilizer levels, obtained results clear that, the above mentioned root criteria insignificantly affected by the various interactions of the studied factors in both seasons. 
2-Gross sugar percentage and root and gross sugar yields:
Results given in Table 3 clear the influence of plant distribution patterns and nitrogen fertilizer levels on gross sugar percentage and root and gross sugar yields (t/fad). As for the effect of Sowing distribution patterns on the studied criteria, the illustrated results in Table ( 3) clear that both of root yield / fad, gross sugar percentage and gross sugar yield/fad, were significantly affected by the different sowing distribution patterns. Whereas, changing of plant distributions from 28, 24 and 20 cm distance between hills on the two sides of mastaba 100 cm width to be 35, 30 and 25 cm between hills on the two sides of mastaba 80 cm width increased (improved) all previous mentioned characters in both seasons, except for root yield (t/fad) in the first season, whereas planting sugar beet on 24 cm distance between hills on the two sides of mastaba 100 cm width surpassed planting on 30 cm as a distance between hills on the two sides of mastaba 80 cm width. The increase (improvement) that obtained with changing plant distributions from planting sugar beet plants on 28, 24 and 20 cm distance between hills on the two sides of mastaba 100 cm width to be 35, 30 and 25 cm distance between hills on the two sides of mastaba 80 cm width may be due to; A) Increasing the amounts of light coming to individual plants and-B) It increased the soil volume in which plants feed (It decreased the competitions among beet roots). Similar results were stated by El-Khattib (1991) and El-Bakary (2006) .
The available results reveal that the three criteria appeared were statistically affected by the examined factors, however, this effect was positively with respect to yield of roots/fad and its gross sugar yield/fad, meanwhile gross sugar percentage responded negatively to the increase in the applied dose of nitrogen The positive effect of nitrogen fertilizer levels on both yields i.e. (root and sugar mainly) due to the benefit influence on plant growth which reflected on root fresh weight/plant and its dimensions (Table 2) in turn reflected on root yield consequently gross sugar yield t/fad (Table 3 and Figs. 1 and 2) .
Despite of the effective role of nitrogen fertilizer with the highest level of nitrogen, it could be noted that the lowest value of gross sugar percentage was recorded with that level of nitrogen. So, it is clearly shown that the relative increase in gross sugar yield/fad, mainly due to the influence of the high level of nitrogen on yield of sugar beet roots/fad The effective role of nitrogen fertilizer levels on root and sugar yield was reported by Osman (2011), Sarhan et al. (2012) , Seadh (2012) , Abdou (2013) and Abdou and Badawy (2014) .
Regarding the interaction between sowing distribution patterns and nitrogen fertilizer levels, obtained results clear that root yield, gross sugar (%) and gross sugar yield/fad insignificantly affected by the various interactions of the studied factors in both seasons. 
3-Extractable sugar percentage and white sugar yield (t/fad):
Results given in Table 4 show that plant distribution patterns and nitrogen fertilizer levels had significant effects on extractable white sugar percentage and white sugar yield/fad in both seasons. With regarding to the effect of plant distribution patterns on the values of the extractable sugar percentage and white sugar yield, obtained results in Table  4 show that increasing hill spaces from 20 up to 28 cm on the two sides of terrace (mastaba) 100 cm width or increasing hill spaces from 25 up to 35 cm on the two sides of terrace (mastaba) 80 cm width led to increase in extractable sugar percentage and white sugar yield/fad in both seasons. This findings were completely true under the two terraces width .This result may be due to the wide spaces among hills which allow more light trapping and low competition between plants and soil available nutrients which reflected on better assimilation and in turn reflected on photosynthesis products in terms of extractable sugar percentage. On the other side, the values of white sugar yield negatively responded to the increase in the hill spaces under the two terraces. This results due to the reduction in root yield by increasing hill spaces which finally effect on root yield which considered the direct factor effect on sugar yield. Moreover, the most important point in this subject, that changing of plant distribution from 28, 24 and 20 cm distance between hills on the two sides of terrace (mastaba) 100 cm width to be 35, 30 and 25 cm distance between hills on the two sides of terrace (mastaba) 80 cm width increased both extractable white sugar % and white sugar yield/fad in both seasons. These results may be due to the fact that the last plant distribution saves the suitable distances among beet plants that allow to high amounts of solar radiation to pass to individual plants which cause more photosynthesis that increase sucrose content without increase in alpha-amino nitrogen, K and Na that prevent crystallization of some sucrose that go out with the molasses. Similar results were stated by El-Khattib (1991) and El-Bakary (2006) .
Detailed view in Table 4 show that there were inverse relationships between nitrogen levels and the values of the extractable sugar percentage, as the applied dose of nitrogen increase, the values of the extractable white sugar percentage decreased. On the contrary, each increase in the applied rate of nitrogen was accompanied with an increment in the values of white sugar yield (Figs. 1 and 2) . This effect was due to the pronounced effect of nitrogen fertilizer levels on root yield (Table 3) . These results are in line with those reported by Abo-Shady et al. (2011 ), Osman (2011 , Sarhan et al. (2012) , Seadh (2012) , Abdou (2013) and Abdou and Badawy (2014) .
Regarding the interaction between sowing distribution patterns and nitrogen fertilizer levels, obtained results clear that the extractable white sugar (%) and white sugar yield(t/fad) insignificantly affected by the various interactions of the studied factors in both seasons.
4-Sugar loss % and loss sugar yield (t/fad)
Results in Table 5 reveal the values of sugar loss (%) and loss sugar yield as affected by plant distribution patterns and nitrogen fertilizer levels as well as their interaction during 2012/2013 and 2013/2014 seasons.
Results in Table 5 obviously show that hill spaces led to increase in the values of sugar loss %. These results can be explained as changing the distances among hills as plant distributions were conducted included wide spaces between hills that increase photosynthetic process and led to more total soluble solids as a result to nutritents absorption and more impurities. However, the increase of wider hill space also increased the extractable sugar % and compensate the increase in sugar loss (%) . f Results obtained in Table 5 appear significant increases in the values of sugar loss (%) and loss sugar yield in the two growing seasons accompanied with the increase in the applied nitrogen levels from 80 up to 120 kg N/fad These results may be due to the increase in the impurities in terms of alpha-amino nitrogen which decrease juice extraction consequently increase sugar loss (%) in turn reduction in loss sugar yield.
Concerning the interaction between the studied factors, available results show that sugar loss (%) and loss sugar yield insignificantly affected by the various combination between sowing distribution patterns and nitrogen fertilizer levels during the two seasons.
